Introduction
Oil shale is a sedimentary rock containing organic matter which, when heated, can change into liquid compounds. It cannot be dissolved in oilderived solvents efficiently [1] . Much work has been done on pyrolysis of oil shales and their pyrolysis kinetics by thermogravimetric analysis. Williams and Ahmad pyrolyzed Pakistani oil shales at heating rates of 5, 10, 20 and 40 °C/min under isothermal conditions and studied process kinetics using the Arrhenius and Coats & Redfern kinetic model [2] . Bhargava et al [3] carried out characterization of Australian oil shales by thermogravimetric analysis, DRIFT and X-Ray diffractometry. Kök and Pamir [4] conducted non-isothermal thermogravimetric pyrolysis of Turkish oil shales and investigated their decomposition kinetics. Li and Yue [5] studied pyrolysis kinetics of oil shales using different models. Değirmenci and Durusoy [6] pyrolyzed Göynük (Turkey) oil shale by varying particle size and heating rates. Williams and Ahmad [7] performed pyrolysis of Pakistani oil shales at varying heating rates. Jaber and Probert [8] carried out thermogravimetric analysis of Jordanian oil shales and investigated their decomposition kinetics. Torento and Galan [9] undertook thermogravimetric analysis of Spanish oil shales under isothermal and non-isothermal conditions at varying heating rates using different kinetic methods. Aboulkas and El Harfi [10] studied thermal decomposition kinetics of Tafraya (Morocco) oil shale and kerogen.
Considering the fact that fuel consumption in Turkey for energy consumption has increased from 53 million tonnes to 77 million tonnes, the existing energy sources should be utilized in the best possible way. Of these sources, oil shale is the second-ranking fossil fuel in Turkey [11] . The reason why Ulukışla oil shale was chosen for this study is that not much work has been carried out on it. The oil shale sample was obtained from the Ulukışla township of Niğde Province, Turkey (Fig. 1) . The oil shale reserves of this area are about 130 million tonnes [12] . The purpose of the present study is to demonstrate that Ulukışla oil shale can be utilized as an alternative energy source. To this end, pyrolysis of Ulukışla oil shale was investigated by thermogravimetric analysis. Also, its pyrolysis kinetics was analyzed using the Coats & Redfern method, and the reaction orders of decomposition reactions during pyrolysis were calculated.
Experimental Material and Analyses
The proximate analysis of the Ulukışla oil shale ground <250 µ m was conducted in accordance with ASTM D3172-07a using a LECO CHN-600 carbon-hydrogen-nitrogen analyzer and LECO SC-132 sulfur analyzer. Calorific value was determined by means of IKA-Calorimeter C400. The results obtained are given in Tables 1 and 2 . The pyrolysis experiments were performed using a Perkin Elmer Pyris Diamond DTA/TG apparatus at heating rates of 2, 5, 10, 15, 30 and 60 °C/min under a nitrogen flow rate of 100 ml/min from ambient temperature up to 1000 °C.
The X-Ray diffraction analysis of the oil shale sample was carried out in a Philips Panalytical X'Pert PRO Model diffractometer using CuKα radiation (40 kV and 40 mV) at a diffraction angle of 0°-70°.
The SEM picture was taken by means of a Jeol JSM model 5410 LV scanning electron microscope.
The FTIR spectrum was taken using a Perkin Elmer Spectrum One FTIR spectrometer.
The ash analysis was performed in a PANalytical MiniPal4 Energy Dispersive XRF spectrometer.
Kinetic approach
The kinetic parameters for pyrolysis reactions were calculated using the Coats & Redfern kinetic model [14] . The Coats & Redfern equation employed for calculations based on the reaction order is
where E is activation energy, α fraction decomposed, T temperature, A preexponential factor, R ideal gas constant, a heating rate and n reaction order.
The curve of a line drawn from the left-hand side of the equation to 1 T yields E and the point of intersection A. To achieve this, the n value was varied between 0.5 and 2.0, and the n value which gave the highest correlation value was assumed to be the order of that reaction.
Results and discussion
Analysis of the chemical structure Figure 2 gives the FTIR spectrum of Ulukışla oil shale. The broad band at 3600-3200 cm -1 is attributable to hydroxyl groups in water and phenolic compounds. The bands at 2920 cm -1 and 2850 cm -1 (C-H stretching symmetric and asymmetric vibration) are indicative of aliphatic structures. The band at 1600-1400 cm -1 can be assigned to the C=C aromatic stretching. The bands 1150 cm -1 and 1035 cm -1 correspond to the aliphatic ether C-O band having an aromatic structure. The peaks at 900-450 cm -1 indicate the presence of mineral groups.
It has been established from the X-Ray diffraction analysis and SEM graph of Ulukışla oil shale ( Figures 3 and 4) that it contains mainly carbonate minerals (calcium carbonate, calcite and dolomite), quartz and pyrite. 
Pyrolysis
The TG-DTG graphs for pyrolysis of Ulukışla oil shale at six different heating rates are given in Fig. 5 . Table 3 gives data obtained through interpretation of these graphs. Pyrolysis of Ulukışla oil shale took place in three stages. The first stage up to 180 °C is characterized by the loss of moisture in the structure. The second stage which occurs in the temperature range of 180-600 °C results in breaking down of the organic matter. The last stage involves decomposition of the mineral matter containing carbonate, which takes place in the temperature range of 600-850 °C.
As the heating rate increased, so did the initial, maximum and final temperatures of each stage. Accordingly, there was also an increase in the maximum decomposition rate at each stage.
As increasing the heating rate affects the rate of heat transfer, it causes temperatures at which reactions occur to be reached in a shorter period of time, and the reaction to occur in a shorter time [9, 15, 16] . However, at Intensity, a.u. lower heating rates reactions take place gradually and heat transfer becomes more efficient, thus allowing even secondary reactions [6, 10] .
Kinetics
Pyrolysis of Ulukışla oil shale occurred in three stages. However, as the first stage involved removal of moisture, it was overlooked in the kinetic study of this stage. Table 4 gives the kinetic parameters for the second and third stages of pyrolysis which were calculated using the Coats & Redfern kinetic model. Heating rate has a negligible effect on reaction orders and activation energies.
As the heating rate was increased from 2 °C/min to 5 °C/min and from 5 °C/min to 10 °C/min, there was an increase in the activation energy values for the second stage. The heating rate did not have any effect above 15 °C/min.
When the heating rate was increased from 2 °C/min to 5 °C/min, from 5 °C/min to 10 °C/min and from 10 °C/min to 15 °C/min progressively, the activation energies of the third stage were found to increase. Above 15 °C/min the activation energy became independent of the heating rate.
The activation energies values for the second stage were established to be lower than those for the third stage.
It was found that heating rate did not have any effect on the reaction order. 
Conclusions
It has been established that pyrolysis of Ulukışla oil shale at six different heating rates occurs in three stages.
The activation energies and reaction orders calculated using the Coats & Redfern kinetic model have little relationship to heating rate. The activation energy values for the second stage were found to range between 84 kJ/mol and 198 kJ/mol and the reaction orders between 1.45 and 1.73. As for the third stage, the activation energy values and reaction orders were found to vary from 672 kJ/mol to 904 kJ/mol and from 1.49 to 1.69, respectively.
